In this paper we examine the implications of future demographic change, particularly the size, composition, and racial/ethnic diversification of population, on obese adult population in Georgia and the economic costs associated with these obese adults from 2000 to 2040. The number of obese adults is projected to increase from 1.5 million in 2000 to 4.3 million in 2040, along with an increase in total costs from $2.1 billion to $6.2 billion. Decomposition analysis suggests that the changes in obesity are predominantly driven by population growth, aging and diversification of population in Georgia. The demographic changes in Georgia are likely to resemble those of the nation, with minorities becoming the majority by 2042. The projected trends for Georgia may be applied to the nation, which depends on the assumptions made about population growth and changes in obesity. This analysis provides information about how obesity could develop through 2040 and what factors contribute to this development.
INTRODUCTION
In this paper we examine the impact of future demographic change, particularly size, composition, and racial/ethnic diversification of population, on obesity and the cost associated with obesity in Georgia. Each year health care expenditures rise considerably due to the growth and aging of the population [1] . Obesity is considered one of the main health concerns in contemporary America. For adults and also for children the percentage of the population that is considered obese has increased substantially for the past years [2] [3] [4] . Linked to the increases in obesity prevalence are concerns about whether obesity will have a negative effect on the positive past trends in life expectancy [2, 5] . The public health risk of obesity is based on findings which support that being obese increases morbidity as well as mortality [6] [7] [8] [9] . Obesity is considered to increase the risks of developing certain conditions such as hypertension and type 2 diabetes [10] . Flegal et al., for instance, were able to show the association between body mass index (BMI) and certain causes of death using data from the National Health and Nutrition Examination Survey (NHANES) [7] . In addition, obesity is said to contribute as much to morbidity as do poverty, smoking and excess alcohol consumption [11] .
Besides observing differences in obesity for males and females [12, 13] , higher body mass indices are also more likely found among minority population members due to an association between low socioeconomic status and obesity *Address correspondence to this author at the Department of Demography and Organization Studies and Institute for Demographic and Socioeconomic Research, University of Texas at San Antonio, 501 West Durango Boulevard, San Antonio, Texas 78207-4415, USA; Tel: (210) 458-6530; Fax: (210) 458-6540; E-mail: Nazrul.hoque@utsa.edu [14] and a variety of other factors such as historical and cultural aspects. Based on data for adults 20 years of age and older from the NHANES 2007-2008, the age-adjusted obesity prevalence rates are as follows with 95% confidence intervals in parenthesis: 38.7% (33.5 -43.9) of Hispanics and 44.1% (40.0 -48.2) of non-Hispanic African Americans had a BMI of greater or equal to 30 compared to 32.4% (28.9 -35.9) non-Hispanic Whites in the United States [15] . The prevalence of obesity is thus likely to be especially high in areas with growing and diverse populations.
The State of Georgia provides an excellent setting for an analysis of the potential effects and the costs of obesity because of the prevalence of these conditions in its population as well as the rapid diversification of its population. Georgia had the 6 th highest rate of adult obesity among all U.S. states in 2003 at 25.2 percent and had the 9 th highest rate of obese adults in 2007 at 28.7 percent [16, 17] . Georgia is one of the most rapidly growing states in the U.S., the population in Georgia increased from 8.2 million in 2000 to 9.7 million in 2008. This is an increase of 1.5 million. In terms of numerical increase and/or percent population growth, Georgia ranked 4 th among the fastest growing states for the period from 2000 to 2008, with an increase of 18.3 percent [18] . We examine Georgia also because its population is diversifying rapidly: in 1990 more than 70% of Georgia's population was non-Hispanic White, compared to 63% in 2000. The NonHispanic White population decreased to 59% by 2007. In addition, obesity is prevalent in Georgia's adult population: 27.3% of the adult population had a BMI of 30 or higher in 2008 [18] . Identifying the potential future development of the obese adult population in Georgia might also be informative for the U.S. as a whole, since the characteristics of Georgia are similar to those projected for the nation, becom-ing a majority minority population by 2042 with approximately 30% Hispanics and around 12% African Americans [19] . Currently, Georgia has a proportionately larger minority group than the nation. In 2000 slightly more than 28 % of the Georgia population was African-American (nonHispanic) and approximately 5.3% was Hispanic (independent of race), while in 2007 about 30% of its population was African American (non-Hispanic) and 7.8 was Hispanic.
In addition to determining the potential future obese population, we also focus on how the burden of obesity is going to develop. Besides the consequences of obesity for the individual and their families and their quality of life, obesity is also associated with a high economic burdenconsisting of direct and indirect costs -for the community, the state and the country. For the U.S., obesity related expenditures were estimated to be $75 billion and as for the State of Georgia, total costs for obesity were estimated to be $2.1 billion in 2003 [20] , resulting in costs of $1431.15 per each obese adult person in Georgia. Hoque et al. used similar techniques to project overweight and obesity, with the costs associated with overweight and obesity in Texas [21] . As far as we can determine, no previous study has examined the impact of future demographic change on obesity and costs associated with obesity in Georgia. Thus, this paper is unique in representing the first attempt to examine the implications of future demographic change, particularly the size, aging and racial/ethnic diversification on obesity and costs associated with obesity in Georgia. This is particularly important because knowledge of future demographic change is essential for health policy purposes.
DATA AND METHODS
The objective of this analysis was to examine the impact of future demographic change on obese adults and the costs associated with obese adults in Georgia from 2000 to 2040. The analysis was performed in four stages. The first stage involved the preparation of detailed projections of the population by age, sex, and race/ethnicity in Georgia. Population projections were completed using a cohort component projection technique of standard form. The second stage involved the derivation of age, sex and race/ethnicity-specific rates of obesity. We computed the prevalence rates from the Behavioral Risk Factor Surveillance System (BRFSS) data. The third stage involved the computation of projected obese adults in Georgia. We applied the computed rates of obesity to the projected population by age, sex, and race/ethnicity from 2000 to 2040 to compute the projected obese adults in Georgia. The fourth stage involved the computation of decomposition effects due to changes in population growth, aging, and racial/ethnic diversification. Detailed descriptions of these stages are given below:
Projections of Population
Population projections were completed with a cohortcomponent projection technique. The basic characteristics of this technique employ the use of separate cohorts -persons with one or more common characteristics-and the separate projection of each of the major components of population change -fertility, mortality, and migration-for each cohort. These component projections are then combined in the demographic equation as follows:
Where; P t = population for the projected year, P o = population at the base year, B = births between P 0 and P t , D = deaths between P 0 and P t , and NM = net migration between P 0 and P t.
Data for the age-, sex and race/ethnicity-specific Census 2000 population of Georgia served as the baseline population and was derived from Summary File 1 of the 2000 Census of Population and Housing. Race/ethnicity was categorized as Anglos (non-Hispanic Whites), Blacks (non-Hispanic Blacks), Hispanics (persons of Spanish origin of all racial and ethnic groups), and Others (all other non-Anglo, nonAfrican American, non-Hispanic racial and ethnic groups). Baseline age-specific fertility rates by race/ethnicity were calculated using three-year averages for births to women residing in Georgia (1999, 2000, 2001) . The same was done for death rates, which were used to compute a life table for Georgia for males and females in Georgia by race/ethnicity. The Georgia Department of State Health Services was the source for both death and birth data. Baseline net migration rates by age, sex, and race/ethnicity for the state of Georgia were computed by using the vital statistics method for the period of 1990-2000. To project these rates, we assume that Georgia's fertility and mortality will follow the national fertility [22, 23] and mortality [22] [23] [24] patterns as they were projected by the Census Bureau. We also assume that the annual net migration rates that were observed between 1990 and 2000 remain constant. We conducted the analysis using different annual net migration scenarios (zero net migration, half of the annual net migration observed between 1990 and 2000, as well as annual net migration between 2000 and 2007), but we believe that the scenario presented here (constant 1990-2000 annual net migration) is most likely to characterize the future patterns.
Measures of Prevalence of Obesity
Data for the sex-specific obesity prevalence rates by age are based on the Behavioral Risk Factor Surveillance System (BRFSS) for Georgia for 1999-2002 and can be seen in Fig. (1). Pregnant women were excluded from the analysis. Selfreported weight and height are used to calculate the body mass index by dividing the weight of the respondent in kilograms by the square of the respondent's height in meters. Using the definition of the National Institutes of Health, individuals are classified as being obese by having a BMI equal to or greater than 30.0 kg/m 2 . A four-year average was used to gain more stable results. The prevalence rates derived from the BRFSS are the basis for our projection of obesity in adults. We believe that the extreme growth in obesity prevalence, which could be observed in the past years, is not sustainable over time, since everyone would be considered obese in due time. In order to project how obesity prevalence could change, we investigated the national rates of change for obesity in the BRFSS data from 1990 to 2002. We assume that the rates of change are going to slow over time, with prevalence rates decreasing linearly by one-fourth of the 1990 to 2002 rate of change for the period between 2000 and 2010, and decreasing an additional one-half of the previous decades' prevalence in each of the following three decades. These adjusted rates of change were then applied to the baseline prevalence of obesity resulting in the projected prevalence rates.
Our assumptions regarding the future population of Georgia as well as the change in obesity prevalence highly influence the projection and therefore our results. If our assumptions do not match the actual development of the adult population our projection will show a wrong picture, as it is the case with all projections. We believe that the results shown here are a reasonable view into the future of Georgia's population as well as its obesity trends.
Projected Cost of Obesity
The projected costs of obesity were derived from previously published direct and indirect cost estimates for the State of Georgia. According to previously published 2003 cost estimates for obesity, total annual direct and indirect costs were $1,431.15 for each obese adult in Georgia [22] . These values were multiplied by the projected number of obese adults to project the cost of obese adult status in Georgia using 2003 constant dollars.We used constant rates simply because we did not have the data necessary to compute a linear trend.
Decomposition Analysis
Finally, we use decomposition techniques to identify how each of the three factors studied affected changes in the number of obese adults relative to the population base. Decomposition analysis is a technique for identifying the proportion of a difference between two crude rates that is attributable to each of a set of demographic factors [25, 26] . Decomposition analysis is clearly an appropriate technique for discerning how demographic factors will affect the number of obese adults in Georgia at different points in times. By using decomposition techniques, we discern what part of the change in obese adults for each of the four time periods (2000-2010, 2000-2040, 2010-2020, 2020-2040 ) is attributable to population change, aging and diversification of population. Fig. (1) shown above provides information about the specific patterns of obesity prevalence in Georgia, as reported through the BFRSS, between 1999 and 2002. It can be seen that in all age groups and across the different race/ethnic groups Georgia males had prevalence below 40%, while this is not the case for Black and Other females. For males, the highest prevalence rates can be found for Hispanics in two age groups 45-54 and 18-24 with a prevalence of 39 and 34.5%, respectively. Other males have the lowest obesity prevalence. For males in general, there seems to be an increase in prevalence with age until it reaches a maximum and decreases again, this trend cannot be seen for Hispanic males. Georgia females give a different picture. Besides Others, which is a quite heterogeneous group, Black females have the highest obesity prevalence rates across all ages. While Black and Anglo female prevalence increases until age group 55-64, obesity prevalence rates reach its peak between age 25 and 34 for Hispanic females. As mentioned before, these are the baseline prevalence rates for obesity, which were projected and then applied to the projected adult population of Georgia.
RESULTS
Projected adult population (18 years of age and older) of Georgia by age and race/ethnicity from 2000 to 2040 are given in Table 1 . The total adult population of Georgia is expected to increase from 6.0 million in 2000 to 16.8 million by 2040 -a percent change of 179.4% (Panel I & II). The non-Hispanic White or Anglo population will increase from 4.0 million to 6.1 million, the non-Hispanic Black population will increase from 1.6 million to 5.3 million, the Hispanic population will increase from 299,258 persons to 4.0 million, and the non-Hispanic Other population will increase from 153,845 persons to 1.4 million. While all racial/ethnic groups are projected to increase, the Anglo population is only expected to increase by around 54% while the Hispanic population is expected to have a percent change of over 1200% -resulting in a Hispanic population that is more than 13 times as large in 2040 compared to 2000. Panel III shows that Anglos were the majority in 2000 with 65.7%, while by 2030 Anglos are expected to be less than half of the total population (44%). By 2040, 36.1% of the population is projected to be Anglo, followed by 31.3% non-Hispanic Black. Around 5% of Georgia's population was Hispanic in 2000, but by 2040 they are expected to be 24%. Others also increased from less than 3% of the population in 2000 to 8.6% in 2040. The proportion of the total population that is 65 years of age or older is projected to increase from 13 The adult population that is projected to be obese in Georgia is given in Table 2 . In Georgia around 1.5 million adults were obese in 2000. This number is projected to almost triple by 2040. The absolute numbers of obese adults are expected to increase across all race/ethnicities as the total adult population did, yet the increase in absolute number of obese individuals cannot be solely explained but the population growth. The total adult population had a percent change of around 180% while the adult obese population has a percent change of around 190%. It can be seen that the percent change in obese population is less for Anglos and Hispanics than the percent change for the total adult population (51.7% for Anglos and 1201.9% for Hispanics for the obese population compared to 53.8% and 1246.1% for the total adult population). For Blacks and Others the percent change in obese population is greater than the percent change in the total adult population. This is especially striking for the Other population. As to the distribution of obesity across the racial/ethnic groups -shown in Panel III -Anglos had the greatest share in obesity in 2000 with 59%, followed by Blacks with 33.9%. Diversification can be seen with obesity as with the total population. By 2020, less than half of the adults who are considered obese are Anglos and by 2030 Blacks hold the greatest share of the obese population. In 2040, 38.6% of the obese population is projected to be Black, followed by 30.8% that are Anglos, 23.8% are Hispanic and 6.8% are Others (Panel III).
The aging of the population will markedly affect the obese rates by age groups in the projected years. The effects of aging are apparent for all racial and ethnic groups. The largest percent increase in obesity for all race/ethnicity groups is among those who are 65 years of age and older (Panel IV). Table 3 shows the projection of the annual direct and indirect costs associated with obesity in Georgia. The total costs are projected to increase from $2. In order to determine what is driving the changes in obesity in Georgia we used decomposition analysis. We try to identify how much of the change in crude rates is attributable to population change (also referred to as rate effect), aging and diversification of the population in terms of racial/ethnic distribution for three different time periods: 2000 to 2010, 2010 to 2020 and 2020 to 2040. The results of the decomposition analysis can be seen in Table 4 .
It can be seen from the table that population change (also called rate effect) has a small negative impact on obesity during all three time periods. This means that the growth of Georgia's population is not the reason why there is an increase in obesity. Instead of a growing population, the diversification as well as the aging of the population is driving the change in obesity in the projection. While the influence of diversification is positive throughout the projected periods, the effect of aging is positive during the first two periods and negative between 2020 and 2040.
For 2020-2040 the increase in obese adults would be even greater if it was not for the negative effect of population growth and population aging. Anticipating demographic change is of vital importance for understanding change in these critical health-related statuses.
DISCUSSION
The results reported here suggest that demographic change will have an extensive impact on the increase in the number of obese adults in Georgia. For the overall projected period, the increase in obesity numbers will be mainly driven by more and more diversification, while population aging and growth lessen the effect of diversification. Independent of the cause, immense increases in obesity prevalence rates were projected and related increases in total demands on health care and other forms of support can be expected in Georgia. Almost a tripling of the costs associated with obesity are projected as well. If the prevalence rates of obesity develop as assumed here the annual costs associated with excess weight would reach $6.2 billion by the year 2040. The limitations of this analysis must, however, be recognized. Although the increase in the number of obese adults in Georgia and the United States is expected to continue, only few projections such as the one presented here exist that quantify the extent of the increase or the rate of change. A study by Flegal et al. based on national BRFSS data used a linear time trend to project the prevalence of overweight and obesity among adult males and females in the United States [6, 27] . The authors estimated that among males, the prevalence of overweight would reach 39 percent by 2020 and the prevalence of obesity would reach 46%. Among females, the prevalence of overweight was estimated to reach 42% by 2020, and the prevalence of obesity was estimated to reach 38%. These estimates are higher than the projections presented here because the estimates in the published study are based on a linear time trend. In the present analysis, the rates of prevalence change were assumed to decrease over time since we consider the rapid increase in the prevalence of obesity in Georgia and the United States which was observed during the 1990's to be unsustainable. If the prevalence of obesity continued to follow a positive linear trend in Georgia and reached the levels reported in the published study, the associated annual costs of overweight and obesity in Georgia would exceed the projected cost of $6.2 billion in 2040 by far. Estimating the change in prevalence rates of obesity is challenging because it is impossible to know how the rates are going to develop and when behavioral changes will manifest.
Although we believe the assumptions underlying our analysis are reasonable given the past and the expected future trends, the projections reported here are based on a number of assumptions and limitations which must be acknowledged. First of all, it is essential to recognize that projections are subject to considerable inaccuracies when unforeseen changes alter the historical patterns on which the projections are based and assumptions are not met. The cohort component model applies rates to baseline populations. If these rates develop different from what was assumed, the accuracy of the projections will be affected. Variations in rates could regard, for instance, the future population growth, such as declines in the rate of population increase among minority populations. As mentioned before, increases or decreases in the prevalence of overweight and obesity due to changes in the population's dietary habits can have negative effects on the outcome of the projection as well. The reported projections of obese adults and the costs associated with obesity would be correct if the assumptions hold true in the coming years.
As mentioned before, obesity has increased immensely in Georgia over the past years. The costs connected with this development are a central concern. In 2003 the annual costs associated with obesity were $2.1 billion; the future growth in the population is likely to increase these costs further. Thus, there is a critical need for policies and programs designed to decrease the prevalence of obesity through both prevention and treatment in order to address this growing public health problem in Georgia, and the nation.
The results of this analysis are not limited to the potential magnitude of the increases in the number of obese persons along with their demographic dimensions, and the costs associated with these increases, the results also suggest possible factors that should be considered in the developing policies to address the growth in the number and obese persons. For instance, the critical impact of diversification on the change in obesity shows the need to address opportunities for healthy living with the availability of affordable healthy choices. Minority populations need access to better nutrition and physical activities to improve their health outcomes. It is evident that although it may not be possible to alter patterns of population growth, projecting where such growth is likely to occur can assist policy makers in locating and sizing service facilities to address the problems associated with obese status, so informed decisions can be made. Similarly, the significance of population diversification for obesity as seen in the decomposition analysis makes clear that it is essential to target educational and prevention programs toward the needs of minority populations.
Finally, what is especially critical is to understand that the relationships between such factors as minority status and obesity stem from social and economic differentials which are alterable. Programs aimed at reducing socioeconomic disparities may thus also help to reduce the demand for services resulting from obese status by reducing the reasons for the disparities in prevalence between minority and other populations.
